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Synopsis 
The thesis entitled “Design, Syntheses and Applications of Novel Two-Component 
Gels and Soft-Nanocomposites” deals with the design, synthesis, and characterization of 
novel two-component gels and their applications. The work has been divided into four 
chapters.  
 
Chapter 1. An Introduction to Supramolecular Gels 
Chapter 1 provides an introduction of supramolecular gels, especially low molecular 
mass organic gels (LMOGs). This chapter also presents an overview on the history of gel 
field, classification of gels, mechanism of gel formation, their compelling applications as 
well as challenges to design new gelator scaffolds with desired properties. This chapter 
also describes the importance of non-polymeric thermoresponsive materials including the 
heat-set gels and their nascent potential in biomedical areas.  
 
Chapter 2A. Remarkable Regioisomer Control in the Hydrogel Formation from a 
Two-component Mixture of Pyridine-End Oligo (p-phenylenevinylene)s and N-
Decanoyl-L-Alanine 
Chapter 2A deals with the synthesis of three isomeric oligo-p-phenylenevinylene 
derivatives (OPVs) bearing pyridine on the two termini and their gelation propensity with 
N-Decanoyl-L-alanine (DA). Selective gelation of p-pyridyl ended OPV derivative with 
DA was observed in 2:1 water/ethanol (v/v) mixture over the respective meta and ortho 
 
Figure 2A. Photographs depicting the regioisomer selective gelation of the pyridyl 
ended-OPVs (base) in presence of N-Decanoyl-L-alanine (acid) and liquid crystalline 
texture of the xerogel. 
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isomers. Presence of acid-base interactions in the self-assembly process, lamellar 
organizations of the gelator, formation of rectangular gel particles as well as J-type 
aggregation mode of these gelators were evidenced through various techniques. 
Formation of smectic fan-shaped liquid crystalline textures from the xerogel during 
cooling from the isotropic melt state has been also demonstrated. 
 
Chapter 2B. Structural Insight of an Oligo p-phenylenevinylene based Super-Gel 
mediated by Synergistic π-π and Unconventional C―H···Cl Hydrogen-Bonding 
Interactions  
Chapter 2B reports the self-assembly of the p-pyridyl ended oligo p-phenylenevinylene 
(OPV) derivatives in ethanol that results in the formation of either hollow or solid rods 
with rectangular cross-section in their unprotonated state. The protonated OPV derivative 
with short n-butyl chain, however, self-assembled to furnish transparent super-gels with 
intermediate tape-like fibrous nanostructures irrespective of the concentrations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2B. (a) Crystal formation inside the gel of protonated form of p-pyridyl ended 
OPV derivative comprising n-butyl chains. (b) Unit cell of the crystal of the gelator 
depicting the presence of a parallel-displaced π-π stacking in the crystal (Cl- ions and the 
ethanol molecules are shown in capped stick and ball stick model). (c) Packing 
arrangement of the gelator in the crystal depicting the presence of C―H···Cl H-bonding 
interactions. 
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Further, crystallization of the gelator molecules was achieved from its 3-D gel network. 
In addition, regioisomer- and counter ion-selective gelation, aggregation-induced 
enhancement in emission (AIEE) phenomenon, multi-stimuli responsiveness, shape 
persistency and excellent load bearing capacity of this gel have been also observed. On 
the other hand, the nano-sphere morphology of the protonated OPV derivative with n-
octyl chain transformed to flat fibers with increase in concentration that eventually led to 
the formation of an opaque gel. The protonated OPVs displayed gelation owing to the 
synergistic effect of π-π stacking and C―H···Cl hydrogen-bonding interactions. 
 
Chapter 2C. Phthalate Mediated Hydrogelation of a Pyrene based System: A Novel 
Scaffold for Shape-Persistent, Self-Healing Luminescent Soft Material.  
This chapter describes the first instance of supergelation triggered selective recognition 
of phthalic acid. The manuscript describes two-component super-(hydro) gelation 
triggered by acid-base interaction of a L-histidine appended pyrenyl derivative (PyHis; 
base) with phthalic acid (PA; acid). The use of isomeric isophthalic or terephthalic acid 
or other comparable acids in place of PA does not lead to salt formation and thereby 
hydrogelation is not observed. Excimer formation of the pyrenyl unit has not been detec- 
 
 
 
 
 
 
 
 
Figure 2C. (a,b) Acid-base interaction of a L-histidine appended pyrenyl derivative 
(PyHis) with phthalic acid (PA) induce shape-persistent, rapid self-healing super-(hydro) 
gel formation. (c,d) Bilayer vesicles formed at a relatively low concentration of the 
gelator fuse together to fabricate coiled-coil helical fibers with increasing concentration 
of the gelator. 
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-ed although the PyHis:PA = 1:1 system undergoes extensive self-assembly in aqueous 
solution. Morphological investigations of the PyHis:PA = 1:1 hydrogel suggests the 
formation of bilayer vesicles at a relatively low concentration of the gelator which fuse 
together to give rise to coiled-coil helical fibers with increasing concentration of the 
gelator. The probable bilayer packing in the self-assembled structures has been probed 
using X-ray diffraction (XRD) studies and lanthanide sensitization. The hydrogel exhibits 
multi-stimuli responsiveness including the thixotropic behavior. In addition, shape-
persistent as well as rapid self-healing behavior of the hydrogel was established. 
Furthermore load-bearing characteristic of the hydrogel has been also demonstrated.  
 
Chapter 3A. Pyridylenevinylene based Cu
2+
-Specific, Injectable Metallo(hydro)gel: 
Thixotropy and Nanoscale Metal-Organic Particles    
Chapter 3A describes Cu
2+
-triggered, regioisomer specific hydrogelation of a p-pyridyl 
appended OPV derivative over the respective meta and ortho isomers. The aqueous 
solution of 1 displayed lower critical solution temperature (LCST) phenomenon, which is 
turned off during Cu
2+ 
coordination mediated hydrogelation. The metallogelation was 
found to be a three-component process. The metallogel also showed excellent multi-
stimuli responsive property, including thixotropy. This unique physical behavior makes 
the hydrogel injectable through a narrow needle and thus may be moulded into different 
 
 
 
 
 
 
 
 
Figure 3A. Cu
2+
-triggered, regioisomer specific hydrogelation of a p-pyridyl appended 
OPV derivative over the respective meta and ortho isomers have been demonstrated 
along with various remarkable features such as multi-stimuli responsiveness, 
injectability, NMOPs morphology, etc. 
                                                                                                                                                
 v 
C8OPV
(a) (b)
Ag+ Aged
alphabetical letters. The Cu
2+
/Cu
+
 redox chemistry has been also utilized to achieve 
reversible gel-sol transition and the gelation triggered selective detection of Cu
2+
 ion is 
also promising in terms of the sensing applications. The hydrogel constructed through the 
self-organization of the individual nanoscale metal-organic particles (NMOPs). Lamellar 
arrangement of the metal-ligand complex in the NMOPs has been evidenced from the X-
ray diffraction studies. Individual NMOPs eventually self-assemble to 3-D gel through 
the strong inter-NMOP cohesive forces that may arise due to the protrusion of the 
oxyethylene chains from the surface of the sole NMOPs.  
 
Chapter 3B. A Trihybrid Pyridylenevinylene based Thixotropic Metallo(organo)gel 
Comprising Nanoscale Metal-Organic Particles, Carbon Nanohorns and Silver 
Nanoparticles 
Chapter 3B describes a silver ion (Ag
+
) triggered metallogelation of the p-pyridyl 
appended oligo p-phenylenevinylene derivatives (OPVs) in several aromatic solvents. 
The π-π interactions mediated solubilization of single-walled carbon nanohorns 
(SWCNHs) in solutions of the pure OPVs as well as in the metallogels has also been 
achieved.  In situ fabrication of silver nanoparticles (AgNPs) in the SWCNHs doped 
dihybrid gel is carried out by either aging or UV-irradiation of the gel or using an 
external reducing agent to construct the trihybrid metallogel. Microscopic studies of the  
 
 
 
 
 
 
Figure 3B. (a) Photograph showing the Ag
+
-triggered metallogelation of the p-pyridyl 
appended oligo p-phenylenevinylene derivatives (OPVs) in toluene, which on aging 
transformed into the dihybrid metallogel comprising in situ grown silver nanoparticles in 
the 3-D gel. (b) Photograph depicting in situ fabrication of silver nanoparticles (AgNPs) 
in the SWCNHs doped dihybrid gel to construct the trihybrid metallogel. 
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trihybrid gel strongly suggest formation of the three distinct morphologies i.e., nanoscale    
metal organic particles (NMOPs), flower-like aggregates of SWCNHs and AgNPs and 
also their integrations with each other. X-ray diffraction (XRD) studies of the native 
xerogels suggest the layered structure of the metal-organic polymers and also the layered 
thickness gradually increases with increasing of the alkyl chain length of the respective 
OPVs in the complexes. The individual NMOPs are believed to be cohesive and the 
association of them creates a 3-D network that eventually immobilizes the solvent 
molecules. On the other hand, C8OPV exhibits enantiotropic nematic liquid-crystalline 
(LC) properties. However, the C8OPV/SWCNHs composite shows significantly different 
birefringence during heating/cooling cycles. In addition, none of the OPVs/Ag
+
 
complexes reveal any LC textures. 
 
Chapter 4A. Charge-Transfer Induces Formation of Stimuli-Responsive, Chiral, 
Cohesive Vesicles-on-a-String which Eventually Turns into Hydrogel 
This chapter describes the synthesis and self-assembly behavior of a novel asymmetric 
bolaamphiphilic naphthalene-diimide derivative (Asym-NDI). Interestingly, the Asym-
NDI self-assembled itself in water to produce pH-responsive vesicular aggregates. 
Subsequently, we explored the remarkable selectivity in the charge-transfer (CT) 
mediated self-assembly between a L-histidine appended pyrenyl derivative (PyHisOMe) 
 
 
 
 
 
 
 
 
Figure 4A. Charge-transfer (CT) interactions between a L-histidine appended pyrenyl 
derivative (PyHisOMe) as a donor and the Asym-NDI as an acceptor led to the formation 
of super-hydrogel with vesicles-on-a-string morphological feature and various stimuli 
responsive properties. 
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as a donor and the Asym-NDI as an acceptor which eventually led to the formation of a 
super-hydrogel. The use of L-phenylalanine or L-tryptophan appended pyrenyl 
derivatives in place of PyHisOMe did not result in the formation of 1:1 CT gel. Circular 
dichroism studies suggest the formation of left-handed helical assembly in the 1:1 CT 
mixed stacks. Morphological investigations reveal formation of vesicular assemblies 
resembling „pearls-on-a-string‟ from these asymmetric bolaamphiphilic CT mixed stacks. 
The entanglements among the vesicle strings eventually result in a robust gel formation. 
Moreover, the CT gel could respond to a variety of external stimuli and reversible sol/gel 
transition could be realized by the addition and removal of the stimuli respectively.  
 
Chapter 4B. Self-Assembly Studies of a Donor and an Acceptor Scaffolds and Their 
Co-assembly into Room Temperature and Heat-Set Vesicle-Hydrogels: Injectability 
and Stimuli Responsiveness 
The first phase of this chapter focused on the thermoresponsive and liquid-crystalline 
property of the pyrene derivative (Py). Then we have investigated metallogelation of the 
pyridyl-ended naphthalene diimide derivative (NDI) derivative. Finally, we have 
demonstrated, for the first time, that the aggregation of a CT complex made off by mix- 
 
 
 
 
 
 
 
 
 
Figure 4B. Photographs showing abolition of the RT gel of 1:1 Py:NDI ([Py] = 6 mM) to 
a clear transparent solution on dilution to [Py] = 0.5 mM (Path a). The resultant sol 
directly transform into the heat-set gel on heating (Path b). Abolition of the heat-set gel 
on shaking and reformation of the heat-set gel on cooling of the heated sol and 
subsequent heating of the cooled sol has been also demonstrated (Path c,d). 
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-ing Py as the donor and NDI as the acceptor, not only leads to the room temperature 
gelation but also exhibits efficient heat-set supergelation in water. Moreover, we have 
demonstrated formation of vesicular nano-structures as opposed to the fiber formation 
inside the 3-D hydrogel network. Alternate columnar stacking of the CT pairs was probed 
using single crystal X-ray diffraction techniques. The hydrogel also displays rapid self-
healing behavior as well as multi-stimuli responsiveness. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                      
